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(57) ABSTRACT

A six-degree-of-freedom magnetic levitation positioning
system 1ncludes a levitated platform, six impelling coils
disposed adjacent to the platform, and six permanent mag-
nets attached to the platform such that each of the permanent
magnets 1s adjacent to and magnetically aligned with a
respective one of the impelling coils, whereby there are six
magnet-coil sets. Among the six sets, three of the sets are
maglev sets 1n which magnetic axes of the impelling coils
are generally vertically aligned, and another three of the sets
are horizontal impelling sets in which magnetic axes of the
impelling coils are generallv horizontally aligned. The mag-
netic axes of the three horizontal impelling sets are all
mutually non-parallel, so that elevation and tiltings of the
platform can be actuated by adjusting the currents 1n coils of
the three maglev sets, and translations and rotations about a
vertical axis of the platform can be actuated by adjusting the
currents 1n coils of the three horizontal impelling sets. Thus,
motion 1n every degree of freedom (three rotations and three
translations) 1s possible.

4 Claims, 5 Drawing Sheets
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1
PLANAR MAGLEYV POSITIONING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a planar positioning
system, and more particularly to an improved structure of a
planar positioning system having maglev positioning system
thereon.

BACKGROUND OF THE INVENTION

In recent years, precision machining technologies and
precision servo control technologies play vast important
rules with the rapid growth of the computer information and
clectrics industries. Traditionally, DC or AC servo motors
operated with screws are applied 1n most precision position-
ing systems to achieve the purpose of precision positioning.
For example, by using piezoelectric actuator at 10 microme-
ter motion distance which can reach high precision of 10
nanometers (nm), and the piezoelectric actuator can also
meet a rapid reacting request. However, the superior limit of
piezoelectric actuator 1s the moving range. It can not be used
if there needs a larger moving range condition. In order to
meet the long distant request, most of them utilize server
motor with screw bar or directly utilize linear motors in
tradition. Nonetheless, 1t renders the whole positioming,
precision down because ol backlash of screw bar and
friction of bearings. Linear motors also influenced by the
ripple and end effect which reduce the positioning precision.

In general, a method to solve said friction 1s not only
strengthening the manufacture precision of the system hard-
ware, but also lubricating o1l which can reduce the friction.
Furthermore, it utilizes many kind of ways to estimate the
friction under controlling principle and utilizes reverse force
to against the friction effect.

In millimicron semiconductor fabricating process, it has
reached certain level of technology level. At 0.9 um fabri-
cating process, 1ts surface examining technology will play
an i1mportant role. Although 1t can use the method of
reducing friction method which has mentioned above to the
examining, but 1t would render the examining results impre-
cise due to the electrostatic or shuft accuracy down by few
friction. It’s obvious that none-contacting force 1s a better
way to solve the system problem above. Aerodynamic
suspension system, electrostatic suspension system and
maglev system are common examples which use none-
contacting force. However, the first two are not suitable 1n
some particular environment, e.g. clean room, vacuum
room, etc. Therefore, 1n order to develop a positioning
system with high accuracy and be able to use in many
environments, a system which utilizes maglev theorem to be
basic construction has been developed. Beyond the mature
technologies of double axles maglev technology recently,
Dr. Trumper, from MIT. USA, has published 6 DOF maglev
positioning system which utilizes linear motors as basic
construction that also provides vertical maglev and lateral
impellent that the system needs at 1996. However, 1t 1s not
casy to apply to relate industries for its complexity and
difficulty.

Moreover, Dr. Trumper’s student Kim, at Texas Univer-
sity, has designed a new 6 DOF micro-actuator which 1s still
under developing. The system utilizes coils and permanent
magnets to achieve 6 DOF motion. Although 1t 1s a high
precision system, but 1t does not suit 1 large movement
application for its hardware design. Kwang and Yoon, from
Korea, have developed a construction that utilizes switching
two dimensional electromagnet arrays and regulating cur-
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rent for rendering the platform moving on a plane. However,
it still could not surmount the boundary problem between
coils. On the other hand, 1t also means that 1t could not reach
the large movement request.

Moreover, according to the disadvantage of the used
maglev positioning systems, the inventor has invented a new
planer maglev positioning system which could achieve large
moving range and high 6 DOF moving accuracy.

SUMMARY OF THE INVENTION

A primary object of the present imnviention 1s to provide a
novel planar maglev positioning system that has large mov-
ing range and the motion of 6degrees of freedom (DOF) with
high accuracy positioning.

To achieve the above object, the novel planar maglev
positioning system of the present invention mainly com-
prises: a platform, which has three hanging arms fixed on the
platiorm, wherein each hanging arm has two permanent
magnets, one being located at one end of the hanging arm
and another one being located at a middle part of the hanging
arm; three impelling sets which set outside of the permanent
magnet located at the end of each hanging arm, and there are
impelling coils setting on each impelling set; three maglev
sets, which are set corresponding each hanging arms, and
there are maglev coils and permanent magnets setting on
cach maglev set.

Due to the maglev force from the maglev coils which
input controlling current, and impelling force from the
impelling coils which input controlling currents, 1t could
control the platform that enables to do 6 DOF position
moving and achieve the large moving range and the motion
of 6 DOF with high accuracy positioning.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and the technical means adopted by the
present invention to achieve the above and other objects can
be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

FIG. 1 1s a magnetic field vector pattern which object
generates 1n the space;

FIG. 2 1s a magnetic field vector pattern which cylinder
clectromagnet generates in the space;

FIG. 3 1s a permanent magnet forced pattern in magnetic
field space;

FIG. 4(a) 1s an aspect of a rectangle-shaped electromag-
net.

FIG. 4(b) 1s the forced curve between a rectangle-shaped
magnet and a rectangle-shaped electromagnet.

FIG. 5(a) 1s an aspect of a circular-shaped electromagnet.

FIG. 5(b) 1s the forced curve between a cylinder-shaped
magnet and a cylinder-shaped electromagnet.

FIG. 6 that 1s the structure of the invention.

FIG. 7(a) 1s the overlook of the platform under force of
the 1nvention.

FIG. 7(b) 1s the front-look of the platform under force of
the 1nvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Please refer to FIG. 1 that 1s a magnetic field vector
pattern which object generates 1n the space, and please refer
to FIG. 2 that 1s a magnetic field vector pattern which
cylinder electromagnet generates in the space, as shown:
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According to Biot-Savart Law, the magnetic field vector
which 1s generated 1n the space after connecting with current
source 1s shown as:

(1)

J(r) X1y,

_4.?1' v’ |F"—F|2

— 1
H

,V,}'

Whereimn 71s a view point position vectors, 71s a suriace
current position vector, 7 (7') is the current density of the

coil, 7 ,, 1s a vector opposite of the view point and surface
current. By applying the equation on the cylinder and
rectangle electromagnets, we have got magnetic field vector
in space as following equation:

(2)

N 1 My (28 0 Nf,: J (E,;bf X e, ) ;o ;o
Hﬂyizﬂ f f ((r _ry)h ] > VT; rdr fﬁd’ dz
—h1p /0 ¥l 2 1/7¢] ‘p_p

Wherein h, 1s coil’s height, N 1s coi1l’s winding turns r, and
r, represent internal and external diameter of the coils, I, 1s
an 1nput current of the coil, #_, 1s product of position

function and current in space.
We rewrite the equation as following:

N

Hﬂﬂ = ?’;ﬂﬂ (x, Y Z)Iﬂﬂ (3)

With the same reason, we got the magnetic field that
rectangular electromagnet generates 1s:

—_

H?‘E’E — ?’;rgc:(-xg v, Z)f_;.-g,: (4)

please refer to FIG. 3 that 1s a permanent magnet forced
pattern 1n magnetic field space. From Lorentz force, we got
a equation of a permanent magnet forced 1n magnetic field

space:
&)

F =(m-V)B

Wherein 7:1s a dipole vector of the magnet.

From equation (3) and equation (4), 1t 1s not diflicult to
find that the magnet force that magnet generates 1n electro-
magnet field and can be shown as:

F =3y, I (6)

Wherein = (X,y,z) 1s a opposite position function of the
magnetic 1n the electromagnet. In order to get the relating

function of ='(X,y,z), we avoid complicated theory or finite
clement method (FEM) to get the force of the magnet in the
coil. We use high precision machine device to measure the
force 1n the coil and rid of current value to get the curve of

£ (X,v,Z).
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Please refer to FIG. 4(a) and FIG. 4(b) that are the
patterns of a rectangle-shaped electromagnet and the forced
curve between a rectangle-shaped magnet and a rectangle-
shaped electromagnet, as shown:

For rectangular magnet and rectangular electromagnet to
be example, set 100 measuring points mside the coil and put
the magnets on them, then get the force value of magnets in
different current from those points, and utilize those mea-
sured data and multinomial curve to get:

Frec,y:(aﬁy6+a5y5+ﬂ4y4+a3y3+a2y2+a 1y+ﬂ0)fr€c (7)

Wherein a,=-1.954x10°, a.=4.39x10°, a,=-3.385x10’,
a,=1.16x10°, a,=—19338, a,=214.8, a,—0.385. Therefore,

we can get the relating function of 2 (X,y,z) between rect-
angular magnet and rectangular Flectromagnet.

Please refer to FIG. 5(a) and FIG. 5(b) that are the
patterns of a circular-shaped electromagnet and the force
curve between a cylinder-shaped magnet and a cylinder-
shaped electromagnet, as shown:

Similarly, we get the relating function of z'(X,y,z) between
circular magnet and cylinder electromagnet by using the
same way as above:

F_ .= A2 b+ b b 24y oyl (8)
Wherein b,=-5.62x10°, b,=—4.89x10°, b,=-16659, b ,=-
219.34, b,=0.06619.

Please refer to FIG. 6 that 1s the structure of the invention,
as shown:

The present invention, a novel planar maglev positioning,
system 1, comprises a platform 10, which has three hanging,
arms 101, 102, 103 at the edge, and each hanging arm 101,
102, 103 has set a permanent magnet 104 105 106 at the end;
three impelling sets 11 12 13, which are set on the relative
positions of the permanent magnets 104 105 106 located of
the end of each hanging arms 101, 102, 103, and there are
impelling coils 111 121 131 setting on each impelling sets 11
12 13 to provide impelling force when input control current
into 1mpelling coils 111 121 131 three maglev sets 14 15 16,
which are set corresponding each hanging arms 101, 102,
103, and there are maglev coils 141 151 161 and permanent
magnets 142 152 162 setting on each maglev set 14 15 16,
to provide levitated forces when 1put control current into
meglev coils 141 151 161. Wherein the material of the

plattorm 10 and three hanging arms 101, 102, 103 and
maglev coils 141, 151, 161 can be aluminum alloy, and these

three hanging arms 101, 102, 103 can be “IT” shape strength
structure. Besides, one of the three handing arms 101, 102,
103 can be bent shape.

Please refer to FIG. 7(a) and FIG. 7(b) that are the

overlook and front-look patterns of the platform under force
of the invention, as shown:

By Newtonian second mechanics law, we get forced
equations and torque equations of the platform from the six

magnetic force of FIG. 7(a) and FIG. 7(b):

SF =F —v2/2F,=MX
SF =F,+/2/2F,=MY
SF=F +F +F ~Mg=M7
ST =—F ] +V3/2F ol g
STy=F 1, ~V3/2F ol s

21 =332l (9)
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Wherein M 1s mass of the platform, g 1s acceleration of
gravity, 1., I, and I, are rotating inertia of the platform
along X, Y and 7 axles. Go back to equation (7) and (8), we
can rewrite the above matrix into:

MW=B(WU-G (10)
Wherein M=diag[M, M, M, I, 1,4, L], X=[X., Y, Z, ¢,
0, 017, U=[u,, u,, uy, u,, u., UG]T, G=|0, 0, Mg, 0, 0, 0]”.
From the equations above, utilizing impelling force F, F,
F, when mput control current into impelling coil 111 121
131 can precisely control the platform 10 moving along axle,
and rotating along axle(0), and utilizing meglev coils 141
151 161 to iput control current to generate levitated forces
F, F. F can precisely control the platform 10 moving along
axle and rotating along, axle(¢, 1) utilizing maglev coils
141, 151, 161. Thus, it achieves large moving range and the
motion of 6 DOF with high accuracy positioning.
What 1s claimed 1s:
1. A six-degree-of freedom magnetic levitation position-
Ing system, comprising:
a levitated platform, including three arms extending radi-
ally outwardly from a center of the levitated platform;
s1x 1impelling coils disposed adjacent to the platform; and
s1x permanent magnets attached to the platform such that
cach of the permanent magnets 1s adjacent to and
magnetically aligned with a respective one of the
impelling coils,
wherein the impelling coils and permanent magnets are
arranged 1nto s1x sets 1n the system, three of the sets are
maglev sets and another three of the sets are horizontal
impelling sets,
wherein one impelling set 1s positioned respectively at an
end of every arm away from the platform, and every
impelling set comprises a permanent magnet and one
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impelling coil, and one maglev set 1s located below
every arm of the levitated platform at a point between
the platform and the corresponding impelling set, and
the impelling coils of the maglev sets are located
slightly above the permanent magnets of the maglev
sets,

magnetic axes of the impelling coils of the maglev sets are
generally vertically aligned, and magnetic axes of the
impelling coils of the impelling sets are generally
horizontally aligned; and

whereby translation and rotations about a vertical axis of
the platform are actuated by the three horizontal 1impel-
ling sets.

2. The magnetic levitation positioming system according,
to claim 1, wherein one of the horizontal impelling sets has
the magnetic axis of the mmpelling coil thereof directed
generally away from a center of the platform, whereby the
one of the horizontal impelling sets actuates the rotations
around a vertical axis of the platiorm.

3. The magnetic levitation positioming system according,
to claim 1, wherein two of the impelling sets have the
magnetic axes ol the impelling coils thereof each being
directed generally toward the center of the platform and
being perpendicular to each other, whereby the two of the
horizontal impelling sets actuate translation of the platform
in two dimensions.

4. The magnetic levitation positioming system according
to claim 1, wherein the impelling coil of each of the maglev
sets 1s located on a same plane as the permanent magnet of
the respective maglev set, whereby the impelling coils of the

maglev sets are arranged 1n an equilateral-triangle position
below the arms of the levitated platform.

¥ o # ¥ ¥
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